ABSTRACT unflower oil (SFO) seeds of Helianthus annuus L., is a rich source of linoleic
INTRODUCTION
Sunflower oil (seeds of Helianthus annuus L.) is widely used in nutrition as a source of essential linoleic (9-cis, 12-cisoctadecadienoic) acid. Edible oils with higher contents of unsaturated fatty acids, especially polyunsaturated fatty acids, are more susceptible to oxidation (Mariana-AtenaPoiana., 2012). Lipid oxidation is the main deterioration process that occurs during thermal processing of vegetable oils containing lipid molecules with poly unsaturation (El Anany et al., 2007).
The addition of antioxidants is considered as one of the methods of increasing shelf life of lipids and lipid-containing foods. Synthetic antioxidant, such as butylated hydroxyl anisole (BHA) and butylated hydroxyltoluene (BHT), have restricted use in foods as these synthetic antioxidants are suspected to be carcinogenic (Jayaprakasha et al., 2001). Due to these safety concerns, there is an increasing trend among food scientists to replace these synthetic antioxidants with natural ones, which, in general, are supposed to , world production of mango was 42,139,837 mT. Approximately, 0.5% of world mango production is used to obtain derived products; therefore the amount of bio-waste produced by processing industries is estimated to be around 210,000 Talaat M.A El-Kady; Mohamed K Abd El-Rahman; Toliba AO and Samy M Abo El-maty mT worldwide.
Evaluation of Mango Seed kernel Extract as natural occurring phenolic rich antioxidant compound
In 2012 the amount of bio -waste produced by processing industries in Egypt is estimated to be around 3,932 mT. Environmental, hygienic, and public health problems result in unorganized management of this waste. The objective of this study was to evaluate the antioxidant activity of mango kernel seeds extract on SFO stability. 
MATERIALS & METHODS

Materials
Methods
Sample preparation
Mango kernel stones were removed manually and separated from the pulp, then washed with excess water to remove adhering materials. The stones were opened to get kernels. Mango kernels were cut cross-section wise into thin slices before extraction. Mango seed kernels pieces were spread in single layer for drying in an electric oven at 40°C for 24 hours. The dried mango kernels were milled with grinder, then mango seed kernels were heated in an electric oven at 160ºC for 20 min to improve the yield of phenolic compound (Soong and Barlow 2004 
Sample preparation for accelerated oxidative storage
A known weight of the dry extract was dissolved in ethanol and addition to SFO as a source of antioxidant. The extract of mango seed kernel (MSKE) was applied to RBD edible SFO (free of any synthetic antioxidants) at different concentrations (200, 500 and 1000 ppm, based on extract weight), in a series of glass bottles having a volume of 100 ml each, to examine their antioxidative activity. BHT at a level of 200 ppm was also applied for comparison. The bottles were completely filled with oil and sealed. A control sample was prepared by using the same amount of ethanol used to dissolve the antioxidant and the extracts (Mohdaly et al., 2010) . The antioxidant enriched oil samples were evaporated in a rotary evaporator below 40 ºC to evaporate the solvent and subjected to accelerated oxidation in dark oven at 70ºC for 72 hr (Fennema, 1976). One hundred ml of each oil sample was taken for oxidative analysis of (PV, Pan, AV and TBARS), at 4 h intervals for analysis. Immediately after storage period, oil samples were withdrawn for triplicate analyses. Oil sampled were taken for each measurement from separate bottle.
Chemical Composition of seeds
Moisture, protein, ash, crude fiber and ether extract in the mango seed kernel were determined according to AOAC (2005) methods. The nitrogen free extract was calculated by difference on dry weight basis.
Determination of phenolic content
Total phenolic content of the extract was measured using the Folin-Ciocalteu assay developed by Singleton and Rossi (1965). This is a colorimetric assay, involving production of a blue AO and Samy M Abo El-maty molybdenum tungsten complex in the presence of phenolics which can be measured relative to gallic acid as the standard. Aqueous Folin -Ciocalteu reagent (1:10) was added to the kernel extract or the standard, incubated for 5 min before addition of 0.115 mg/ml of Na ² CO 3 . After 2 h incubation period, absorbance was read at 765 nm using a spectrophotometer ( Unicam, Helios Alpha, UK). Gallic acid was used as standard and calibration curve was plotted in concentration range 50-200 mg/l. Results were expressed as mg of Gallic acid equivalents/g dried seeds.
Determination of flavonoid content
Flavonoid content was determined according to the procedure described by Zhishen et al., (1999) . Solutions of the extracts in Methanol 80% were prepared to give a final concentration of 6 mg/ml. Each solution (5ml) was mixed with 0.3 ml of 5% aqueous NaNO 2 (w/v) and allowed to stand at room temperature for 5 min; 0.6 ml of 10% AlCl 3 solution (w/v) was added to the mixture.
After 6 min, 2 ml of 1M NaOH and 2.1 ml of water were added to the mixture.
The absorbance was measured at 510 nm using a spectrophotometer (Unicam, Helios Alpha, UK). The results were expressed as mg quercetin (Q) equivalents per 100 g of dry mater.
Free radical scavenging activity
The free radical scavenging activity of the extract was measured by using 2,2-diphenyl-2-picryl hydrazyl (DPPH) method as described by Yang et al., (2009) with some modifications. Briefly, 0.1 ml of samples (100μg/ml in 80% methanol) was added to 3.9 ml of 0.2 mM DPPH methanolic solution. The reaction mixture was agitated and allowed to stand at room temperature in dark for 30 min. The absorbance at 515 nm was used to measure the concentration of the remaining DPPH using a spectrophotometer (Unicam, Helios Alpha,UK). Ascorbic acid and BHT (100 μg /ml in each methanol) were used as positive control, the percentage inhibition of the DPPH radical was calculated according to the following formula: 
Where: A is absorbance
Determination of reducing power
The reducing power of the extracts was measured as described by Oyaizu (1986). The reaction mixture contained 1.0 ml of extract, 1.0 ml of 0.2 M phosphate buffer (pH 6.6) and1.5 ml of potassium ferricyanide (1%, w/v, in water). The mixture was incubated at 50 o C for 30 min and the reaction was stopped by addition of 1.5ml of tri chloroacetic acid (10%, w/v, in water), followed by centrifugation at 980 g for 10 min. Aliquots of 2 ml of the supernatant were mixed with 2ml of distilled water and 0.5 ml of ferric chloride (0.1%, w/v, in water) and the absorbance was measured at 700 nm, using spectrophotometer (Unicam, Helios Alpha,UK), against blanks that contained all reagents except the sample extracts.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay of the MSKE was carried out according to the procedure of Benzie and Szeto, (1999). One hundred micro liters of the diluted extract in methanol (conc.) was added to 3ml of the FRAP reagent. After 4 min, the absorbance of the mixture was measured at 593 nm using UV/VIS spectrophotometer (Unicam, Helios Alpha, UK). A calibration curve was prepared using BHT as a standard at 200, 400, 600, 800 and 1000 μm. FRAP values were expressed on a fresh weight basis as micromoles of BHT equivalent per gram of sample (μm BHT equivalent/g dry weight).
Identification of phenolic acids using HPLC
Phenolic acids of the dried extract were identified according to the method described by Janas et al., (2009 
Measurement of P-Anisidin value (P-anV)
P-anV was determined according to AOCS method (1995).
Total oxidation value (TOTOX)
TOTOX values of the oil samples were determined based on the obtained PV and p-an values (Nyam et al., 2013). Values were calculated using the following Equation:
TOTOX = 2PV + PanV
Acid value (AV)
AV was determined according to AOCS method (1995).
Thiobarbituric Acid Reactive Substances (TBARS) assay
The Thiobarbituric Acid test was based on the color reaction of TBA with malondialdehyde (MDA) mg/kg in the sample (David, 1976).
The absorbance was measured at 531 nm against the blank solution (distilled water).
A standard curve of MDA was prepared using 1, 1, 3, 3-tetraethoxypropane. TBARS values were expressed as mg of MDA per kg of sample.
RESULTS & DISCUSSION
Proximate composition: The results in Table1, showed the chemical composition of MSK powder showed its contents of crude protein, total lipid, crude fiber and ash were found to be 6.9%, 12.5%, 2.9% and 2.3%, on a dry weight basis, respectively, moisture content was 8.1%. These results are close to those reported by (Abdalla et al., 2007), who reported that the moisture content of dried MSK powder samples was 8.1%. Crude protein, total lipid, crude fiber and ash contents of MSK were 6.7%, 12.3%, 2.7% and 2.5% on dry weight basis, respectively.
The total lipid content in this study was higher than that showed by others as Youssef,( 1999). This may be due to different mango varieties.
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The yield of extract from mango seed kernel powder showed in Table 2 was 9.43 g/100g powder. Jung et al.,( 2006) compared the influence of different solvents on total phenolic and total flavonoid extracted from ginseng leaves and they found that, the ethanol extracts contained higher amounts of total phenolic and Flavonoids (2333 and 1199 mg/100g resp.) than water (1932 and 503 mg/100g resp.)and methanol extracts (2286 and 720 mg/100g resp.). The ethanolic extracts of heated MSK at 160ºC for 20min were showed increase in the total phenolic content from 50.3 to 160 mg GAE/g (Soong and Barlow, 2004). This increase could be due to the release of more bound phenolics from the breakdown of cellular constituents due to the thermal treatment 
Total phenolic content
Polyphenols are phytochemicals from plants and are being used for prevention of various diseases that are mainly caused by free radicals. The higher polyphenol content would then exhibit stronger inhibition and also higher antioxidant activity (Jayaprakasha et al., 2003). Results in table 2 showed that, total phenolic content of the extract from mango seeds was 
Antioxidant activity
The most common methods to determine the antioxidant activity in a practical, rapid and sensitive manner are those that involve a radical chromophore, simulating the reactive oxygen species, and the free radical DPPH, of purple coloration that absorbs at 515 nm, is one of the most widely used for in vitro evaluation of plant extracts and fractions
(El Gengaihi et al., 2014).
The results in Table 3 Table 3 revealed that, MSKE had a high capacity to reduce iron (III). The reducing power (RP) of the MSKE was 0.85. The extracts from the mango seed had RP values higher than BHA at100 ppm.
Wojdylo et al., (2007) reported that herbs can be classified into their antioxidant capacity as: very low FRAP (<10 μM/100 g), low FRAP (10-50 μM/100 g), good FRAP (50-100 μM/100 g), high FRAP (100-500 μM/100 g) and very high FRAP (>500 μM/100 g). According to this classification MSKE could be considered as a high antioxidant capacity.
Identified content of the phenolic compounds
HPLC is the preferred technique for both separation and quantification of phenolic compounds (Naczk and shahidi 2004). The HPLC analysis of the phenolic compounds in mango seeds extracts were compiled in Table 4 
Peroxide value (PV)
Hydroperoxide is the primary oxidation product produced as result of lipid oxidation. It may break down into nonvolatile and volatile secondary products, which decrease the quality of the oil. This is an indicator of the initial stage of oxidative changes (Erwin et al.,  2004) . 
Acid value (AV)
The acid value of an oil or fat is defined as the number of milligrams of potassium hydroxide required to neutralize the free acidity in one gram of sample. The results are often expressed as the percentage of free fatty acids (FFA), especially in UK. The acid value is a measure of the extent to which the glycerides in the oil have been decomposed by lipase or other action. The decomposition is accelerated by heat and light (David, 1976). Free fatty acid and acid value of any lipid are measure of hydrolytic rancidity (Rehab, 2010). The results in Table 7 (Zhang et al., 2010) . The TBA values are expressed as milligrams of MDA equivalents per kilogram of sample (Zhang et al., 2010) . Results in Table 8 presents the changes recorded in TBARS values of the supplemented sunflower oil samples during accelerated storage at 70ºC for 72 hr, as effected by supplementation with BHT, MSKE. The results show that MSKE were able to inhibit the formation of TBARS at all concentrations. The TBARS values of all the supplemented samples and the control increased gradually from zero time to 72 hours. As the concentration of seeds extracts increased, the amounts of secondary products detected were lower. This result was in accordance with the obtained P-anV. The secondary products were determined to be lower at higher concentrations of seeds extracts. Results in Table 8 showed that, significant differences in TBARS values were observed between the control and sunflower oil samples containing seeds extracts or synthetic antioxidants, which slowed the 
CONCOLUSION:
The highest level of MSKE (500, 1000 ppm) provides the best protection against primary and secondary oxidation of SFO samples during storage than synthetic antioxidant BHT. Showing that a high potential of mango seed kernel extract for use as sources of natural antioxidants. 
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